aBSTRaCT BaCKgROUND aND CONTExT: Patients with atrial fibrillation (AF) and a five-year stroke risk >15% should be on long-term oral anticoagulant therapy with adjusted dose warfarin unless there is a clear contraindication.
STRaTEgiES fOR iMpROVEMENT:
General practices still using ad hoc adjustments of warfarin therapy can adopt a standardised nurse-managed protocol to achieve greater efficiency without adversely affecting patient care.
LESSONS:
A move from the heavily doctor-intensive ad hoc system to the entirely nurse-led system improved practice efficiency. The doctor was liberated from the process. The nurse no longer had to act as liaison with the doctor. The receptionist did not have to ask patients to ring back once the doctor had seen the results. Patients received their instructions more quickly and their care was not compromised.
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Background
Patients with atrial fibrillation (AF) and a fiveyear stroke risk of over 15% should be on longterm oral anticoagulant therapy with adjusted dose warfarin unless there is a clear contraindication to doing so. 1 The target International Normalised Ratio (INR) is 2.5, range 2.0-3.0. 2 The monitoring of anticoagulation represents a significant workload to general practices. A New Zealand (NZ) study from 2005 suggests that less than half of eligible patients in NZ receive anticoagulation. 3 If these figures are to be improved, then the workload associated with anticoagulation monitoring in general practice is set to increase. Efficient ways of managing this workload are required.
Outline of local context
This study took place in a rural Eastern Bay of Plenty general practice. At the time of the audit, there was one full-time GP and two practice nurses working 1.2 full-time equivalents. The enrolled population was 2430. Thirty-four percent of the practice was aged under 19 years and 20% aged 60 years or over. Forty-two percent of the patients identified themselves as Maori.
assessment of problems

Approach taken
The traditional method of monitoring anticoagulation in our practice was similar to that used in iMpROViNg pERfORMaNCE many general practices-a system often described in the literature as 'ad hoc adjustments'. Results from the venesection were faxed from the lab to the practice. The doctor decided if a dose adjustment was required and when the next test should be. The practice nurse would then contact the patient with the new instructions.
As the doctor involved in the dose adjustments, I took into considerations several factors other than the patient's past INR results. These included my impression of the patient's 'reliability in following instructions', transport and mobility issues.
In order to improve efficiency, we decided to devolve the clinical decision-making process to the practice nurses by adopting a standardised method for INR adjustment. Following an inhouse clinical education meeting, we decided to implement the guideline produced by the British Columbia Health Service as this appeared well validated and easily understood. 4 For the first month of the new regime, all INR adjustments made by the nurse following the anticoagulation guidelines were checked by the doctor and no errors were found.
The change from a method that was 'tailor-made' by the doctor for each patient to a 'one size fits all' nurse-led method had resulted in important improvements in efficiency. Gains in practice efficiency are sometimes achieved at the expense of patient care. Our aim was to discover if any alteration had occurred in the standard of anticoagulation control or frequency of patient venesection.
Measurement of problem
Using patients as their own controls, a retrospective audit was performed for a period of six months before (ad hoc arm) and six months after the change in practice (standardised arm). Patients who commenced or discontinued warfarin during the study period were excluded. Only those patients whose target INR was 2.0-3.0 were included. Only a small number of patients in the practice had a target range higher than this. They were patients with mechanical heart valves and, while they were managed using the same guidelines, their numbers were too small to allow any meaningful analysis.
The dates of testing and the INR results for the 12-month period were extracted from the practice management software and analysed in order to answer the following three questions:
Has there been any change in the frequency
1.
of testing of iNRs? To establish this, the length of time between tests was measured for each patient for both study periods. A mean was calculated with a standard deviation to establish whether a significant change in the frequency of testing had occurred for each individual and for the group as a whole. Ninety-five percent confidence intervals were used in establishing significance.
Has there been any change in the amount
2.
of time spent by the patients in the target range over the two study periods?
Establishing length of time within the therapeutic range is a complex issue. It can only be known for sure whether someone is within or outside the range on a particular day when an INR test has been performed. If two consecutive results are within the target range then an assumption is made that the patient has been in range for the entire interval between the tests. If consecutive results show one result in target and one out of target then a linear estimate is made of when the patient entered or exited the therapeutic range. Using these assumptions, the percentage of time within the therapeutic range was calculated for each patient for both study periods using 95% confidence intervals in establishing significance. A mean and standard deviation was calculated for the test group for both study periods to establish whether or not a significant change had taken place.
WHaT gap THiS fiLLS
What we already know: Most monitoring of anticoagulation occurs within the primary care setting. Some practices use ad hoc methods of warfarin dose adjustment which can be time-consuming and of untested effectiveness.
What this study adds: Switching from ad hoc adjustments to a standardised protocol improved our efficiency and maintained effectiveness.
iMpROViNg pERfORMaNCE
Has there been a change in patient's mean
3.
iNR? In other words, did the change in system result in patients sitting in a different part of the therapeutic range? Ninety-five percent confidence intervals were used in establishing significance.
Approval from an ethics committee was not sought because this was an audit conducted by a health provider for the purpose of quality improvement.
Results of assessment
Thirty-two patients formed the study group. Of those, 30 patients had AF and were on warfarin to reduce stroke risk and two were on warfarin to prevent recurrent deep vein thromboses. A summary of the data is presented in Table 1 .
Frequency of testing
In the 'ad hoc' arm the most frequently tested patient had an INR performed on average every four days and the least frequently tested patient averaged 46 days between tests. The frequency of testing ranged between seven and 45 days in the 'standardised' arm. Across the entire study period three patients showed a statistically significant decrease in the frequency of testing after changing to the 'standardised' model, and one patient showed a statistically significant increase in frequency. The remaining 28 patients showed no statistically significant change in frequency of testing.
The mean number of days between tests for the 'ad hoc' arm as a whole was 18 days and for the 'standardised' arm 17 days. This increased frequency of testing in the 'standardised' arm was not statistically significant.
Time in the therapeutic range
In the 'ad hoc' arm the patient with the poorest control spent only 32.1% of the time within the therapeutic range (of 2.0-3.0) while the best controlled patient was in this range for 93.9% of the time. 
The individual variation between patients, with the best controlled patients spending three times as long in the therapeutic range as the poorest controlled, is a stark reminder of the importance of individual patient factors (be they biological, social or behavioural) in the control of anticoagulation. Those individuals who showed poor control in the first arm of the study were the same individuals showing poor control in the second arm of the study. Patient to patient variability was noticeably greater than any variability demonstrated between the two methods of anticoagulation monitoring.
iMpROViNg pERfORMaNCE fUNDiNg No funding was received for this study.
CONfLiCT Of iNTEREST
None declared 
Lessons and messages
Machin suggests that a reasonable standard for good control of warfarin therapy is an INR within the therapeutic range 60% of the time. 5 The British guidelines for anticoagulation control quote 50%. 6 It would appear that this standard can be achieved in my practice either by using my ad hoc approach (65.3%) or by my nurses using the 'British Columbia Health Service' standardised protocol (69.3%). This is a study with a small number of patients in a single practice. Factors such as ethnic mix, educational status and socioeconomic status may limit the ability for these results to be generalised to other general practices in NZ.
While it is likely that most doctors would follow the same general principles, the effectiveness of an individual doctor's ad hoc approach will be unknown unless the practice data is audited. The raw data for a practice audit is easily obtained from practice management software. A Microsoft Office Excel spreadsheet could be produced easily which would allow the exercise to be reduced to a simple matter of data entry.
The switch in my practice away from the heavily doctor-intensive ad hoc system to the entirely nurse-led system was motivated by a desire to improve practice efficiency and free up doctor time. Our experience was that this was achieved. The doctor was liberated from any part in the process. The nurse's time was used more efficiently by no longer having to act as a liaison with the doctor. Patients were able to get their instructions more quickly and were able to discuss the adjustment with the nurse making the clinical decision. Nobody was more pleased by the change than our receptionist who no longer had to inform patients 'the doctor hasn't had time to look at your results yet, can you phone back later?'. This improved efficiency is likely to be even greater in a group practice where several doctors may be involved in the warfarin adjustment process.
Changing from one system to the other can be done quickly and with a minimum of planning.
While new anticoagulant drugs not requiring such rigorous monitoring are under trial elsewhere in the world, it is likely that we in NZ are still several years away from having a safe and effective alternative to using warfarin.
